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Abstract-- Tl-Ba-Ca-Cu-0 superconducting thin films 
were prepared by magnetron sputtering with post-annealing 
in a reduced oxygen atmosphere. Single phase 
T12Ba2Ca2Cu30x can form on the MgO substrate at 8OO0C 
under P(02) = 0.1 atm. However the phase formation 
temperature can be affected by the starting composition of 
the film. Tl,Ba2Ca2Cu30x phase can be formed by simply 
lowering the T120 pressure. The thermal stability of 
T12Ba,Ca2Cu30, .phase was studied by resistivity 
measurements at high temperatures. 
I. INTRODUCTION 
Since the discovery of superconductivity in the TI-Ba- 
Ca-Cu-0 system,[l] several phases have been 
identified[2] [3] and most. of them have superconducting 
transition temperatures (Tc,> above the normal boiling point 
of liquid nitrogen. The Tc of T12Ba2Ca2Cu30x (Tl-2223) 
remains the highest found so far. However, due to the 
difficulty in the material synthesis, the properties of the 
thallium compounds are least known compared to 
YBa2Cu307-& and bismuth-compounds. No suitable phase 
diagram is available yet partly due to the volatility and 
toxicity of thallium. The rapid loss of thallium during 
annealing further complicates the thin film preparation 
process. 
There have been a limited number of studies on the 
effects of oxygen pressure during synthesis. It was 
demonstrated that high pressure annealing can suppress the 
thallium loss.[4] Annealing in vacuum was also used in the 
synthesis of bulk samples and a Tc of 127K was reported 
for the 2223 phase[5]. Vacuum annealing may have the 
advantage of lowering the processing temperature, which is 
beneficial to the thin film fabrication. As previously 
reported, under one atmosphere pressure, thin films of the 
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Fig. 1 X-ray diffraction patterns of TI-Ba-Ca-Cu-0 films 
on MgO (001) substrate. (a) annealed at 800°C 
(b) annealed at 790.C. (OOe) peaks are 
identified by ( 0 )  for 2223 phase and (v) for 2212 
phase. (U )  for MgO. 
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Fig. 2 X-ray diffraction pattern showing TI-1223 phase. 
(OOe) peaks are labeled. (=) peaks are from 
LaAI03 substrate. 
annealing condition and starting composition as for Tl-2223 
films. The x-ray diffraction pattern of such a film grown on 
a LaAIO, substrate is shown in Figure 2. The major 
diffraction peaks can be assigned to (OOe) of the 1223 
phase. The Tl,O pressure was controlled by varying the 
composition and processing of the compensating thallium 
compound. 
The films annealed at low temperature under low 
oxygen pressure are generally smoother than those 
annealed at high temperature under ambient pressure. 
However, the growth behaviors are similar. An SEM graph 
of the 1223 film on LaAlO, obtained by vacuum annealing 
is given in Figure 3. Platelike growth can be easily 
identified in this figure. The particles on the top of the 
plates have calcium rich (small particles) and barium rich 
(large particles) composition. 
Fig. 3 SEM graph of a Tl-1223 film annealed at 810.C 
in vacuum. 
111. THERMOELECTROMETRY 
In further studying the thermal stability of the Tl-2223 
compound, resistance was measured as the sample was 
heated to elevated temperatures. Measurements were done 
in a vacuum chamber and the sample was mounted to a 
stainless-steel block with a quartz lamp inside as a heater. 
A temperature sensor (thermocouple) was inserted into the 
stainless steel block near the sample. Two gold electrodes 
were deposited on the sample for two-point resistance 
measurement, and silver paste was used to attach copper 
leads to the electrodes. The contact resistance was well- 
behaved throughout the temperature range under study. 
The contact plus wire resistance was about 1 n at room 
temperature and increased slightly as the temperature went 
up; but no anomaly was observed. The validity of the 
measurement was confirmed by repeated measurements on 
different samples under the same conditions. 
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Fig. 4 R-T trace of a Tl-2223 film. Heating 
. The Tl-2223 films used in this measurement were 2bm 
thick. A heating rate of 5C/min was used. Figure 4 shows 
an R-T trace measured in 0.06 torr of oxygen pressure. As 
seen in the figure, as the temperature increases, the 
resistance increases slightly initially, and this is followed by 
a drastic rise at about Td = 4 8 0 C  This rapid change of 
resistance should correspond to the thallium activity in the 
film, probably the out-diffusion of thallium. The measured 
Td'S are plotted against the oxygen pressure in Figure 5. 
They fall into a straight line in semi-log scale. This line is' 
close to the Tl-2223 phase stability line given in Ref [9]. 
The results obtained by this kind of resistivity 
measurement may be affected by the film thickness and 
grain boundary configuration. But together with other 
thermal analysis techniques, such as TGA and DTA, they 
should provide Crucial information for guiding material 
synthesis. Also this simple method can be used for in situ 
monitoring of thin film growth. 
rate= 50 C/min. 
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Fig. 5 Td versus oxygen pressure P(02). 
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